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IN THE C LAIMS 



1- 22. (Previously cancelled). 




V 

0 



23 . (currency amended) A transducer element of a magnetic material for a torque or force 
sensor which comprisesW least one annulus of magnetised material extending about an axis, 

the at lcasl\one annulus being magnetised such t ha t to establish a closed loop of 
magnetic flux is c stabli s h cdMn the magnetic material, 

the at least onev annulus being responsive to a torque applied about said axis for a 
torque sensor or to a bending moment acting about said axis due to an applied force for a force 
sensor , as the case may be, to emanate a magnetic field component externally of said clement thai 
is afunction respectively of the app^ed torque or the applied force, as the case may be; 
■ the magnetisation established in the at least one annulus p rovid e s a torque-dcpcndLiit 

emanating said magnetic field component which has to have a significant nqn-zero value at zero 
torque or force and an essentially zero valine at a non-zero torque or force. , as th e case may be . 



24. (original)\A transducer element' as claimed in Claim 23 in which the at least one 
annulus is in the form o(\an annular ring attachable to a shall, and the annular ring is of a 
magnetoelastic material and Js cireumfcreiilially magnetised. 

25. (original) A transducer element as claimed in Claim 23 in which the at least one 
annulus is of magnetoelastic material and is a circumferential ly magnetised, integral portion of a 
shaft. 

26. (original) A transducer element as claimed in Claim 23 in which the at least one 
annulus is longitudinally magnetised imthe direction of said axis. 
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27. (original) A transducer element as claimed in Claim 26 in which the at least one 
annulus is an integral porlion of a shaft. 

28. (currently amended) A transducer element as claimed in Claim 24 25 comprising a 
first annulus of magnetised material and a second annulus of magnetised material, wherein said first 
annulus provides gmaaatesV" essentially zero value of magnetic field component at a non-zero value 
of torque or force of a given Warily and said second annulus provides emanates an essentially-zero 
value or magnetic Held component at a non-zero value of torque or force of the opposite polarity. 

29. (currently amenUed) A transducer element as claimed in Claim 27 comprising a first 
annulus of magnetised materiaiVmd a second annulus of magnetised material, wherein said first 
annul us provides emanates an essentially zero value of magnetic field component at a non-zero value 
of torque or force of a given polarity and said second annulus provides an essentially-zero value of 
magnetic field component al a non-jfero value of torque or force of the opposite polarity. 

30. (currently amended) AUransducer element as Uaiui&d in Claim 23 hi which said of 
a magnetic material for a force or a torbue sensor wherein the element has an a xis about which a 
torque is applicable or about which a heading moment is impress ible due to an applied force, the 
transducer clement has comprising: a surface extending radially of said axis, and comprising a first 
annulus of magnetisation extending lo said surface and a second annulus of magnetisation extending 
to said surface radially outwardly of said first annulus, said first annulus and said second annulus 
being magnetised to pi u vide emanate a magnetic field component therebetween externally Qf said 
surface which has a significant non-zero value at^zero value of applied torque or force , as the case 
may b e- and an essentially zero value at anon-zero Wue of applied torque or force. , as tht case may 



be: 
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31 . (original) V\ transducer element as claimed in Claim 30 in which said first annulus 
is magnetised in the direction of said axis with a pole of given polarity at said surface and in which 
said second annulus is magnetised in the direction of said axis with a pole of opposite polarity at said 
surface. 

32. (original) A transducer element as claimed in Claim 30 in which said first annulus 
and said second annulus are each magnetised to form a respective closed loop of circumferential 
magnetisation, and the respecti^ closed loops of circumferential magnetisation are of opposite 
polarity. 

33. (currently amended)\A transducer element as claimed in Claim 27 computing a 
i cspeaivi Outlm annulus in whicla the at least one annulus comprises a first annulus of 
magnetisation located adjacent an exteYior surface of the transducer element a nd a second annulus 
of magnetisation located radially inwardWof the at l e ast o ne fist annulus of magnetisation, and said 
first annulus and said second annulus bcW longitudinally magnetised in the axial direction with 
a pulduty opposite of magnetisation thereto to form a closed loop of magnetic flux, theiewilh. 

34. (original) A transducer assembly comprising a transducer element as claimed in 
Claim 23 and a magnetic sensor arrangement oriented to detect said magnetic field component. 

35. (original) A transducer assembly comprising a transducer element as claimed in 
Claim 24 and a respective magnetic sensor arrangement for the at least one magnetised annulus and 
oriented to detect a magnetic field component in the direction of said axis. 

36. (original) A transducer assembl>\comprising a transducer element as claimed in 
Claim 26 and a respective magnetic sensor arrangement for the at least one magnetised annulus and 
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A oriented to delect avmagnclic field component in the circumferential (tangential) direction about said 



axis. 



6/ 



37. (currently amended) A transducer assembly comprising a transducer clement as 
claimed in Claim 28 aiVd first and second magnetic sensor arrangements oriented for detecting a 
respective magnetic field Xnmpnnent in t he direction of said axis emanated by said first annul us and 
by said second annulus. , eaui uf said fust and Mxund magne t ic s eusui diiaiiguiiciits being oikmcd 
to detect a magnetic field c or nVm e ut in the duectiuu uP.said axis, 

38. (currently amendW) A transducer assembly comprising a transducer element as 
claimed in Claim 29 and first and second magnetic sensor arrangements oriented for detecting a 
respective magnetic field component in the circumferential ( tangential direction about said axis 
emanated by said first annulus and by sVid second annulus. , each of said fii si and second magnetic 
seiisui duangements being oriented to del e ct a magnetic field component in the c i rcum feicntial 
(tang e ntial) dircctiun abou t said axis. 

39. (currently amended) A transducer assembly comprising a transducer element as 
claimed in Claim 30 and a magnetic scnsoA arrangement oriented to detect said magnetic field 
component piovided emanated between said first annulus and said second annulus. 



40. (original) A transducer assembly comprising a transducer element as claimed in 
Claim 3 1 and a magnetic sensor arrangement located to be responsive to the magnetic field between 
said first annulus and second annulus and oriented to detect a magnetic field component in the 
circumferential (tangential) direction about said axis. 
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41. (original! A transducer assembly comprising a transducer clement as claimed in 
Claim 32 and a magnetic\sensor arrangement oriented lo detect a radially directed magnetic field 
component between said ficst annulus and said second annulus. 

42. (original) A torque sensor system comprising a transducer assembly as claimed m 
Claim 37 responsive to torque \pplied about said axis, wherein said first and second magnetic field 
sensor arrangements provide first and second lorque-dependem signals respectively, and further 
including signal processing mean^hich comprises a first channel responsive to at least one of the 
first and second torque-dependent signals, said first channel comprising an output means having a 
controllable gain for producing an output signal representing a measure of torque, and which also 
comprises a second channel comprisingVieans for combining the first and second torque-dependent 
signals to provide a reference signal, said Wput means being responsive to said reference signal to 
adjust its gain in a sense acting to eliminate changes in the response relating the first and second 
torque-dependent signals with torque. \ 

43. (original) A torque sensor system as claimed in Claim 42 in which the combining 
means is operable to effect a difference operation *n said first and second torque-dependent signals. 

44. (original) A torque sensor system acclaimed in Claim 43 in which the first channel 
is responsive to both of said first and second torque-dependent signals to effect a summing operation 
thereon. 

45 - 50. (cancelled without prejudice to reinstate Ihc same at a later lime, i.e., without 

disclaimer) A method uf Tunning a tiausdmu cluiinit wljidi is as claimed in Cl aim 23 in which the 
liidgnaisatiun uf said at kait u n e annulus is ucifumiul ftliile Ihc Uansduiu du i mit is under a 
ptuluumincd toiqui uf out po l ari t y .tuuut said ax is: 
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4^ AinYthudurfuimii i gaUaiudi i iei duiiuil which claimed in Claim 28 in wh i ch 

the magi.aUatiun u\ H.c fii&i aimulm is pci funned while Lhc- UaiiJ>dufcn clement is under a 
predett i mined luiqui\foiK jjulaiiij About said a,cis, mid the magnetisation uf Hn ^end annutus 
h rpcifuimcd while the inducer cluneal is uadu a piedcleunincd luiquc uf die uppusile polatiU 
abuut said axis: 

. — 4^ A mullmd oV funning a tiansduca clement as cla i med in Claim 20 in which the 

respective magnetisation uf\lhc fast aunulus and tin accund aimuluA ail pufmmc d tu piovide 
maguetisaliun of oppusitc puUrity. 

4ft AiuclhudasclaiWdiiiClaim40m which t h e magncluaiiuu uf the thstaiiiiuluaami 

the second aunulus a i c of the same polari t y : 

4<h A method as clai i nad in Claim 47 i n whii.li the magnetisation ul'lhc fust aimulu-s i s 

p eifunncd uiidci apicdclcuniucd to^uc of opp o site pulaii t> tu dial applied in the magn etisation of 
the second ainnilus. 

. — a method of funning a\iansducu clement which is as c laim e d in Claim 30 i ifwmcrt 

the i iiagnclisatiuii uf said fnsl animlus Aid a ai d sceund ammlus is pci fuuucd while said clement is 
under a piedctcnviincd t orque abuul said ax i s. 

51. (New) A method of forming a transducer element for the measurement of torque or force 
comprising: 

providing a body of magnctisablc material having an axis; 
applying a torque lo said body about said axis, 
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niamtainmg the applied torque while applying a magnetic Held to remanently magnetise a 
region of said bodvc that is annular about said axis whereby the annular region emanates a torque- 
dcpendenl component ofmagnctic field which has a significant^ value at zero torque. 

52. (New) The method of Claim 51 in which the annular region of said body is remanently 
magnetised to have circumferential magnetisation and said torque-dependent component is in the 
direction of said axis. \ 

53. (New) The mcthoti of Claim 51 in which the annular region of said body is remanently 
magnetised in the direction of said axis and said torque-dependent component is in the 
circumferential (tangential) direction with respect to said axis. 

54. (New) A method of forming a transducer element for the measurement of torque or force 
comprising: \ 

providing a body of magnetisable material having an axis; 
applying a first torque lo saiti body about said axis, 

maintaining the applied firsltorque while applying a first magnetic field to remanently 
magnetise a first region of said body that is annular about said axis, 
applying a second torque -to said oody about said axis, 

maintaining the second torque while applying a second magnetic field to remanently 
magnetise a second region of said body that is annular about said axis, and relaxing the second 
torque. \ 

55. (New) The method of Claim 54 whereifa said first region and said second region are spaced 
axially, each region being remanently magnetisedte emanate a respective torque-dependent magnetic 
field component that has a significant non-zero vaW at zero torque. 
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56. (New) The method of Claim 55 wherein each of the first and second regions is remanently 
magnetised to have a respective circumferential magnetisation and the respective torque-dependent 
magnetic field component erWnaied thereby is in the direction of said axis. 

57. (New) The method ofVluim 55 wherein each of the lirst and second regions is remanently 
magnetised in the direction oAsaid axis and the respective torque-dependent magnetic Held 
component emanated thereby is inVie circumferential (tangential) direction with respect to said axis. 

58. (New) The method of Clain-^54 wherein the annular second region is mdially outward of the 
f annular first region, and each of theWst and second regions is remanently magnetised in the 

direction of said axis, the first and second regions being magnetised to have opposite polarities ot 
magnetisation. 

59. (New) The method of Claim 58 wherein the annular second region is remanently magnetised 
to emanate a torque-dependent magnetic field component in the circumferential (tangential) direction 
that has a significant non-zero value at zero torque. 
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